The Microvasculature of the Guinea Pig Ureter. A Scanning Electron Microscopic Investigation by Aharinejad, S. et al.
Scanning Microscopy 
Volume 4 Number 4 Article 10 
8-16-1990 
The Microvasculature of the Guinea Pig Ureter. A Scanning 
Electron Microscopic Investigation 
S. Aharinejad 
University of Vienna 
A. Lametschwandtner 




University of Vienna 
Follow this and additional works at: https://digitalcommons.usu.edu/microscopy 
 Part of the Biology Commons 
Recommended Citation 
Aharinejad, S.; Lametschwandtner, A.; Höltl, W.; and Firbas, W. (1990) "The Microvasculature of the Guinea 
Pig Ureter. A Scanning Electron Microscopic Investigation," Scanning Microscopy: Vol. 4 : No. 4 , Article 
10. 
Available at: https://digitalcommons.usu.edu/microscopy/vol4/iss4/10 
This Article is brought to you for free and open access by 
the Western Dairy Center at DigitalCommons@USU. It 
has been accepted for inclusion in Scanning Microscopy 
by an authorized administrator of DigitalCommons@USU. 
For more information, please contact 
digitalcommons@usu.edu. 
Scanning Microscopy, Vol. 4, No. 4, 1990 (Pages 957-966) 0891-7035/90$3.00+.00 
Scanning Microscopy International, Chicago (AMF O'Hare), IL 60666 USA 
THE MICROVASCULATURE OF THE GUINEA PIG URETER. 
A SCANNING ELECTRON MICROSCOPIC INVESTIGATION 
S . Aharinejad*•3, A. Lametschwandtnerl, W. H8ltl2, W. Firbas3 
1 Institu.te of Zoology, Department of Experi mental Zoology , University of Salzburg, 
Hellbrunnerstr. 34, A-5020 Salzburg , Austria 
2 Department of Urology, Rudolfsstiftung Hospital, Juchgasse 25, A-1030 Vienna, Austria 
3 First Department of Anatomy , University of Vienna, Waehringerstrasse 13, A- 1090 
Vienna, Austria 
(Received for publication February 6, 1990, and in revised form August 16, 1990) 
Abstract 
In 24 albinotic guinea pigs (Cavia 
porcellus) the gross vasculature and the 
microvascular architecture of the ureter 
were studied by light microscopy of 
tissue blocks and by scanning electron 
microscopy of vascular casts . The guinea 
pig ureter is supplied by the renal 
artery proximally, by the aorta and the 
internal iliac artery in its mid-segment, 
and by the uterine and prostatic as well 
as by the vesical arteries distally . 
The main arterial trunks run alongside 
the ureter before they branch to send 
perforating arterioles to the muscular 
coat and the mucosal lining. The draining 
venules are fo und on both sides of the 
ureter and form transverse anastomoses . 
Communications between the arterioles are 
also located on both sides, but longitud-
inally arranged . The capillary network of 
the mucosal lining shows an undulating 
pattern with tortuous vessels and lies 
just below the epithelium . The muscular 
coat and the adventitia have no prominent 
capill a ries of their own. La rge arteries 
are embedded in the adventitia, large 
veins in the lamina propria. 
In analogy to human anatomy the 
vascular arrangement found suggests that, 
if the ureters are excised in transplant 
surgery, a lateral incision should be 
used for the abdominal portion, while the 
pelvic portion is best approached by a 
medial incision . 
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Introduction 
The blood s uppl y of the human 
ureters was first described by Haller in 
1747. He distinguished 3 vascular 
territories and reported that the upper 
part of the ureter was supplied by the 
renal arteries, the middle part by the 
aorta, the common iliac (middle ureteric) 
or internal iliac arteries, and the lower 
part by the vesical or uterine arteries . 
His account was the first to mention the 
middle ureteric artery as the vessel 
supplying the mid-portion of the ureter. 
This vessel is a branch of the abdominal 
aorta or the common iliac artery. 
Haller's observations were later con-
firmed by Protopow (1897), Feitel (1901), 
Merkel (1915) and Frommolt (1927, 1928). 
While there is g en eral agreement 
about the blood supply of the proximal 
ureteral segment, that of the middle and 
distal segments is controversial. While 
Disse ( 1902), Rauber and Kopsch (1922), 
Poirier and Charpy (1923) and Waldeyer 
(1942) found the mid-ureteral segment to 
be supplied by no more than fine twigs 
from the testicular artery, a middle 
ureteric artery was mentioned by Merkel 
( 1915) and Braus and El z e ( 1956). In the 
distal segment Disse (1902), Merkel 
(1915), Waldeyer (1942) a nd Braus and 
Elze (1956) thought the middle rectal 
artery to be the supplying vessel, 
whereas Protopow (1897) and Feitel (1901) 
followed Haller ' s description from 1747 
and reported that the distal segment 
received its blood through the vesical 
and uterine arteries. A periureteral 
arterial plexus which is fed by the 
aorta, the testicular and the iliac 
arteries and communicates with the 
peritoneal vessels was described by 
Sampson (1904). In Gisel's description 
(1969) the largest ureteral vessel 
originates frorn th e c ornmon iliac artery, 
but may also take its origin from the 
internal iliac , superior gluteal , vesical 
or uterine arteries . 
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This brief review shows that 
accounts of the arterial supply of the 
ureter vary considerably (Varverikos, 
1952). The microvascular architecture of 
the ureter ha s so far not been inv est-
igated . Yet its understanding is c lin-
ically important fo r various reasons, 
e . g . preventing ischemia b y ligating 
ureteral vessels, locating and s izin g 
uret era l grafts , preve nting fistulation 
following co l orectal surgery , and 
identifying the optimal incision site 
(medial versus lateral to the ureter).In 
ad dition, ureteral vessels are also of 
particular i n terest during surgical 
approaches to th e urinary bladder and 
ureter, which are performed to mainta i n 
the continence (Ghon ei m et al. , 1987; 
Hinm a n,198 8 ; Sc hr eiter and No ll ,1 989). 
The purpo se of this investigat ion was to 
s h e d light on the microcirculation 
(Murakami , 1971 ; Hodde and Nowell , 1980; 
Lametschwan dtn er et al . ,19 84) of the 
ur ete r and the i n sit u topography of 
ureteral vessels in g uinea pig with a 
view Lu contri but e Lo a bett er und er-
sta nding of clinica l and morpholo gica l 
problems . 
Material a nd Methods 
Vascular co rr osio n cast ing: Twe nt y 
a lbinotic guinea pigs (Cavia porc e llus) 
of both sexes weighing 200 to 250 grams 
were used. Casts of 14 uret ers were 
o bt ained for scanni ng e lectron microscopy 
(SEM) . Animals were anes thetiz ed with 
ethe r and thoracotomized. A plastic 
cat heter (Arg yle , 0 . 8 mm x 1.9 mm; 
She nrnod Medical , St . Louis , Mo. USA) 
connected to a two-way connector (LS-2, 
B . Braun Melsung e n AG , FRG) was intro-
duced into the thoracic aorta just above 
the diaphragm and tightly ligated into 
place . The right ventricle was i ncis e d 
a nd the circulatory system was rinsed 
with 100 ml of warm (37°C), heparinized 
(5 , 000 IU/1) sa lin e solu tion using manual 
pr ess ure until ventricular efflux was 
clear. Then Mercox - Cl-2B (Dainippon Tnk & 
Chemicals, Tokyo, Japan) diluted with 
monomeric methyl methacrylate (v/v 4 l; 
Hodde , 198 1 ) was injected manually along 
the same route . For polymerization of the 
i n jected resin , the bodies were kept at 
room temperat u re (20°C) for 2 ho u rs 
before overnight tempering i n a wat er 
bath a t 60°C . Ma ce ration was done in 15% 
potassium hydroxide at 40°c for 2 days or 
longer. Ureters with surrou nding vessels 
were dissected free from the whole 
specimen under the binocular , cleaned in 
5% formic acid for 15 minutes , rinsed in 
several pa ssages of distilled water and 
frozen in it . Freeze-dried casts wer e 
mounted with colloidal si lver onto copper 
foils fixed to s peci me n st u bs by using 
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the conductive bridge met hod of Lamet -
schwandtner et al . ( 1980) . Mo un ted casts 
were sputtered with gold for 600 secon d s 
and examined under the scanning electron 
microscope (Cambridge 250) at an 
acce lerating voltage of 5 to 15 kV 
( Aharinejad et al., 1989) . 
Light microscopy : Ureters of 4 
g uinea pigs (Cavia porcellus) of both 
sexes were st udied . Guinea pigs were 
fixed by perfusion with 0 . 2 M phosphate 
buffered glutaraldehyde (2.5% ; pH 7 . 2) 
through the thoracic ao rta . Ur eters were 
removed , cut into small blocks and f ixed 
by immersion into the same fixative for 
a nother 2 hours. Aft er an ove r night ri nse 
in buffer specimens were postfixed in 
buffered 1% osmium tetroxide (Michaelis 
buffer, pH 7 . 2; 2 hours), rinsed in the 
same buffer, dehydrated in a graded 
ser ies of et hanol a nd prop y lene oxide and 
finall y em bedded i n Epon 812 (Luft, 
1961) . lµm semithin secti ons were stained 
with alkaline to luidine blu e O (Trump et 
al ., 1961) and e xamined by light micro-
sco py . 
Terminol o gy: Th e denominations of 
a natomical region s a re those of Cooper 
an d Schiller (197 5 ); the terms used for 
descri b ing ur e t eral histology are those 
s uggested by Kessel and Kardon ( 1979) . 
According to Rh odin ' s (1980) propo sal not 
to use vessels diameter for catego r-
ization of arterial a nd venous vessels, 
these vessels a r e classified by the 
a na ly s i s of the r e lie f indented i nto the 
cast ' s surface b y endo thel ial cell nuclei 
(Miodonski et a l . ,1976 ; Hodde et al., 
1977); su b c las sifica tion of feeding 
a rterioles (=first orde r arterioles, foa) 
and draining venules ( = first o rder 
venules , fov) is ac cording to their 
branching order (Anderhuber et al . , 
1989) . 
Results 
Anatomy of the guinea p ig ureter: 
Guinea pig ureters co nsist of 3 layers . 
These are, from inside out , the mucosal 
lining (Mu), the tunica muscularis (Tm) 
and the adventitia (Ad) , (Fig . 1) . Gu inea 
pigs do not have a submucosal layer in 
the ureter . 
The mucosal lining (tunica mucosa) 
is composed of transitio n a l ep i theli um 
(Te) and a lamina propr i a ( Lp) . T h e 
transitional epithelium is smooth wit h o u t 
a ny p r omin e nt folding on t h e l u mi n a l 
side, while the lamina propria co nsists 
of loose fibrous tissue in which reg ul-
a rly spaced venous vessels are embed d ed 
along the entire ci rcumference of 
the ureter (Fig . 1). Between the tran-
si tional epithelium and the lamina 
propria lies a s ubepithelial capillary 
network with eve nly spaced capillaries 
that also span the e ntire circumfere nce 
of the ureter (Fig . 1) . 
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Fig. 1. Histology of t h e proximal segment of the guinea pig (Cavia porcellus) ureter. 
Transverse sectio n, alkaline toluidine blue O s taining. Ad = adventitia; Lp lamina 
propria; Lu= lumen; Mu= mucosa; Te= transitional epithelium; Tm= tunica muscularis. 
Note the numerous large venules within the lamina propria (Lp) and the large arterioles 
in the adve ntitia (Ad). 
Fig. 2. Vascular architecture of the proximal segment of the ureter. Corrosion cast; 
transverse section. cMu = (subepithelial) capillary bed of the mucosa; Lu= lumen; sov 
= second order venules. Arrowhead marks a vessel in the tunica muscularis. 
The muscular coat (tunica muscul-
a ris ) , (Tm) (Fig. 1) consists mainly of 
ci rc ula r s mooth muscle fibers with so me 
s por ad ic transverse or longitudinal 
fibers . Unlike in humans (Protopow, 1897) 
and ra bbits (Engelmann, 1869), there is 
no c l ear distinction between an inner 
longitudinal and an outer circular muscle 
layer in guinea pigs. Only few vessels 
(capillaries) are present in the muscu l ar 
coat . 
The adventitia (Ad) of the ureter is 
very thin except around the large 
longitudinal vessels, most of which are 
arte r ies, where it becomes somewhat 
thicker (Fig. 1). 
Main blood supply and drainage: 
Corr osion casts give an impressive three-
dime nsional view of the topography of 
uret eral vessels (Fig . 2) found in tissue 
sec ti o ns (Fig. 1). Vessels can be 
allocated to the different coats of the 
uret e ral wall. Intra individually, 
corr osion casts of the ureters do not 
show a ny differences in their caliber 
between the 2 sides throughout their 
leng t h. Interindiv id ual differences 
are un related to the animals ' sex . In our 
material ureters had a cal iber of 500 to 
1,00 0 }l ffi (Fi gs . 2 and :3) . 
Proximal segment. The proximal 
segment is invariably supplied by 
bran c hes of the renal artery with 
occasional contributions by branches of 
the c esticular or ovarian arteries. 
Rare : y (on both sides in 4 specimens) 
small twigs from the aorta ascend 
towa rd s the kidneys to supply the 
upp erm ost p a rt of the ureter. Venous 
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drainage is into the i n ferior vena 
cava and the testicular or ovarian veins. 
Middle se gment: This segment is 
mainly supplied by branches from the 
abdominal aorta and the internal iliac 
artery (middle ur eteric artery). Contrib-
utions from the external iliac artery 
are rarely see n (on both sides in 5 
specimens). Branches of the right a nd 
le f t colic arteries are not involved in 
the blood supply of the mid-ureteral 
segment . Venous drainage is through the 
internal and external iliac veins and the 
inferior vena cava . 
Distal segment: The distal seg ment 
of the ureter close to the urinary 
bladder is sup pl ied by the internal 
iliac , prostatic or uterine and vesical 
arteries. 
The internal pudendal artery was not 
involved in the blood s upply of this 
segment in any one of the specimens 
e xamined Venous drainage is by the 
uterine or prostatic and the vesical 
veins, exceptionally (on the left side in 
2 specimens) by the internal iliac vein . 
Intrinsic ureteral vasculature: 
Branches of the above arteries approach 
the ureter and accompany it along 
variable distances towards cranial and 
caudal before crossing it obliquely to 
reac h the contralateral side (Figs . 3 and 
4). We term these vessels, which have a 
caliber of 80 to 120 µm, "first order 
arterioles ". They give off 30 to 50 µm 
thick branches cra nially and caudally, 
which we term "second order arterioles" 
(Figs 3 4 and 9). Both first and 
second order arterioles are em bedd ed in 
S. Aharinejad et al . 
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Fig . 3. Mid-ureteral segment with feeding first order (foa) and secon d order (soa) 
arterioles an d draining second order (sov) and first order (fov) venules . \rrows 
i ndicate direction of blood flow; arrowheads point to vessels of the tunica musc ularis. 
Fig . 4 . Pro xi ma 1 u re t er a 1 s e gm en t . No t e t ran s v e r s e " s e gm en ta 1 " an a st om o s e s ( A ) be tween 
longitudinal second order venules (sov). For further abbreviations, see F Lg . 3. 
Arrowheads indicate vessels in muscle coat. 
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Fig. 5. Topography of second order 
arterioles (soa) and second order ven ul es 
(sov) in the guinea pig ureter. Arrow-
heads point to vessels of the tunica 
muscularis. 
Fig. 6 . Second order arterioles (soa) 
giving off third order arterioles 
(=perforating arterioles ; pa) to sup ply 
the subepithelial capillary bed o~ the 
mucosa (cMu). 
Fig. 7. Supply and drainage of the 
subepithelial capillary bed of the 
ureteral mucosa (cMu) through second 
order (soa) -third order arterioles 
(=perforating arterioles (pa) - post-
961 
capillary venules (pv)(=third order 
venules) - second order venules (sov). 
Arrows indicate direction of blood flow. 
Fig. 8. Transverse anas tom osis (A) 
connecting longitudinal second order 
venules (sov). pv = postcapillary venules 
(=third order venules). 
Fig. 9. Vascular architecture of a 
collapsed ureter. Transverse section . cMu 
capillary bed of the mucosa; Lu 
ureteral lumen; soa second order 
arterioles; sov = second order venules. 
the adve ntitia, which contains few 
capillaries (Fig. 1). 
Tunica muscularis (Tm): As can be 
seen from the semithin sec tions, there 
are very few vessels in the muscle coat 
(Fig. 1). Their identification and 
topographical allocation in corrosion 
casts is problematic (Figs. 3 to 5). 
Lamina propri a (Lp): Second order 
arterioles give off internal branches 
which pierce the muscle coat (Fig. 6). 
Following Engelmann's suggestion (1869), 
these vessels which feed the subepi-
thelial capillary network at the base of 
the transitional epitheli um were termed 
"perforating arterioles" (i.e. "third 
order arterioles") (Figs. 6 and 7; pa). 
Figure 1 impressively shows that the 
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Fig. 10 . Subepithelial mucosal capillary 
bed . Luminal aspect . Note the Y- (arrow) 
and T-shaped (arrowhead) anastomoses 
between capillaries. P~stcapillary 
venules (pv)(third order venules) drain 
into second order venules (sov) eve ry 200 
962 
to 300 pm. 
Fig . 11 . Subepithelial capillaries of the 
ureteral mucosa . Note the "microkinks" 
and numerous infoldings (arrows) of the 
vessels. 
most prominent structures in the lamina 
propria are large, mostly longitudinal 
venules . In analogy to the nomenclature 
used for arterial vessels, these were 
termed "second order venules" (Figs . 3, 4 
and 9 ; sov). They have a wide lumen and 
communicate with one another through 
transverse anastomoses (Figs . 4 and 8; 
A). These anastomoses show a "segmental" 
arrangement recurring every 600 to 800 µm 
(Fig . 4) both on the anterior and 
posterior aspects of the ureter. Ev e ry 
200 to 300 µm the second order venules 
(sov) of the lamina propria are joined by 
postcapillary venules (pv)(i.e. "third 
order venules") draining the subepithe-
lial capillary network (Figs. 7, 8 and 
10). 
Mucosal capillaries: On longitudinal 
sections through a corrosion cast of the 
ureter the vasculature underlying the 
transitional epithelium (Fig. 1) can be 
seen to be almost entirely composed of 
capillaries arranged parallel to the 
longitudinal axis of the ureter (Figs.9 
and 10). At higher magnification these 
present an undulating pattern with ma ny 
shallow infoldings a nd "kinks" (Fig. 11). 
The capillaries communicate through Y-
and T - shaped anastomoses (Fig. 10). 
Every 200 to 300 pm they empty through 
short postcapillary v e nules (pv) into the 
second order venules (Fig. 10; sov) . 
Discussion 
Main blood supply and drainage: In 
our studies on guinea pigs the mid-
ureteral segment was aupplied by the 
middle ureteri c artery, i.e. by the 
abdominal aorta. While this ag re es with 
th~ observations o f Ha ller (1747), 
Protopow (1897), Feitel (1901) and 
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Frommolt (1928) in humans, it is contra -
dictory to what Di sse (1902), Rauber and 
Kopsch (1922), Poirier a nd Charpy (192 3) 
a nd Waldeyer (1942) reported. Like in 
humans (Daniel a nd Shack man; 1952), the 
internal iliac artery was co nsistently 
found to contribute to the supply of the 
mid-ureteral segme nt in guinea pigs . 
An involvement of the middle rectal 
artery in the blood supp ly of the distal 
ureter al seg ment , which was postulated by 
Disse (1902) , Merkel (1915) , Harper 
(1942), Waldeyer (1942) and Braus and 
Elze (1956), was not seen in guinea pigs . 
This agrees well with what Frommolt 
(1928) found in man . Like most examiners 
who studied human ur eters (Haller, 1747 ; 
Protopow , 1897; Fei tel, 1901; Poirier and 
Charpy, 1923; Frommolt , 1928; Michaels, 
1948; Racker, 1951; Daniel and Shackma n, 
1952; Poisel, 197 9) , we fo und the 
uterine and the prostatic arteries to be 
the main contributors to the blood supply 
of the distal ureter . By contrast , Harper 
(1942) described these arteries as 
" . . . rarely contrib ut ing to the supply of 
the ureter" . As regards an involvement of 
the internal iliac artery in the supply 
of the distal ureter, our observations 
agree well with those of McCormack and 
Anson (1946), Daniel and Shackman (1952) 
and Poj sel (1979). In all of the speci-
mens examined branches of the internal 
iliac artery were seen to approach the 
distal ureter. We also found the testicu-
lar or ovarian arteries to contribute 
consistently to the supply of the distal 
ureter . In Michaels' (1948) view the 
contribution of the latter vessel is at 
best inconsistent . Like Racker (1951), we 
found no evidence confirming Gisel's 
(1969) observation that the superior 
g lut eal , la t eral sacral, inferior gluteal 
or middle rectal arteries supplied the 
distal ureteral segme nt But unlike 
Racker (1951), we did not find the colic 
artery to be i nvolved . This agrees with 
observations by other examiners . 
In ag r eement with all of the authors 
quoted we found the proximal ur etera l 
segment to be sup pli ed by br anches of the 
renal artery with contributions, in the 
g uin ea pig , by branches of the testicular 
or ovarian arte rie s and an occasional 
twig from the aorta . 
Int rin sic blood s upp ly: Like in 
humans (Engelmann, 1869; Sampson , 1904 ; 
Daniel and S h ac kman, 1952), the arterial 
trunks supp lying the ureter (our first 
order arterioles) are surrounded by a 
thi n layer of fibrous tissue so that they 
ca n easily be stripped away from the 
s ubja cent ureteral wall by blunt dis -
sectio n. Multiple branching of first 
order arterioles before they give off 
perforating branches, as described by 
Protopow (1897) in hum ans, was not seen 
in guinea pigs . There was also no 
evidence of transverse a n astomoses 
963 
between first order arterioles such as 
those reported in humans by Frommolt 
(1928) . The arte rial a nastomoses seen 
were longitudinal rather than transverse 
and recall the "longitudinal anastomoses" 
described by Daniel and Shackman ( 1952) 
and Poisel (1979). While Protopow (1897) 
reported the renal artery to communicate 
with the vesical artery, we found no 
evidence of s u ch an anastomosis in guinea 
pigs. Veno - venous anastomoses, by 
contrast , were num ero us; on account of 
their arrangement corrosion casts looked 
like ladders . 
Engelmann (1869) reported perfor -
ating vei ns to accompany the perf orating 
arteries . This was not confirmed by our 
studies . We rather found the venules 
draining the subepithelial capillaries to 
pierce the muscle coa t at sites other 
than those used by their arterio lar 
counterparts . 
The tortuosity and "k inking " of the 
subepithelial capillaries , in our view, 
reflects the capacity of the capillary 
bed to adapt to the filling vol um e of the 
ureter . The subepithelial location of the 
capillary network appears o explain why 
the ureter is so vulnerable and tends to 
bleed profusely even on blunt dissection. 
Clinical implications: Nitch (1931) 
felt that , while ureteral grafts with 
their vascular supply high off the 
pelvinic rim were likely to be success-
ful , the chances of successfully grafting 
the pelvinic portion of the ureter 
decreased with increasingly distal 
s upply. Our app roach to this problem is a 
more differentiated one, be ca u se we 
consider the relation between the 
incision and the main supplying arteries 
to be critical for the success of a 
ureteral graft . This view is shared by 
Daniel and Shackman (1952) , who maintain-
ed that incisions made 2 cm below the 
entry of a main artery did not compromise 
the blood supply of the organ so that 
complications (ischemia) were unlik ely to 
occur . Relating the lengt h of the guinea 
pig ureter to that of human ureters, the 
view expressed by Da n iel and S hackman 
( 1 952) would also appear to apply to 
guinea pig s . When exc ising any ureteral 
portion, the main vessels in the adventi-
tia should be stripped away bluntly 
and preserved . Th is app r oach agrees with 
suggestio n s of Poisel (1979) .I f unavoida-
ble, ligation of longitudinal arteries 
after skeletonizing them along th e 
ureteral segmen t to be excised will still 
leave the bl ood supply proximal and 
distal to the incision intact. This is 
ensured b y the lateral longitudinal 
anastomoses between the arterial trunks. 
Whether or not the distal ur eteral 
segment is likely to become necrotic , if 
its s uppl yi n g vessels are cut , is still 
controversial. Like Frommolt (1928) and 
Harper (1942), we find it to be unli kely 
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on account of the ureteral blood supply 
seen in guinea pigs, while Racker (1951) 
considers it to be a likely consequence 
of ligating the uterine and vesical 
arteries. 
Clinically, the optimal site for the 
incision in operations involving the 
ureters is another point of interest. As 
the abdominal portion of the ureter is 
largely s upp lied from medial, while the 
pelvic portion receives most of the blood 
from lateral, the least traumatic 
approach with the lowest risk of causing 
vascular damage a nd consequent complica-
tions is from lateral for the abdominal 
portion and from medial for the pelvic 
portion. 
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Discussion with Reviewers 
A . J. Miodonski: What procedure was 
used to make the transverse sections of 
the ur e ters cast (as shown in Fig.9) 
without collapsi ng them . 
Authors: Casts were embedded in ice and 
cut transversally under bin ocular control 
wit h a mini wheel-saw placed in the 
chamber of a cryomic r otome (see Lamet-
schwandtner A. and U. Lametschwand tner 
(1990) Historical review and technical 
survey of vascular casting and scanning 
electron microscopy. In: Motta PM, 
Murakami T, Fujita H (eds.) Scanning 
electron microscopy of vascular casts: 
Methods and Applications . Kluwer Academic 
Publ is her, The Hague, Boston, London ( in 
pr ess) . 
A.J. Miodonski: Would Lhe authors discuss 
the distal ureter segment which is 
important in bladder ca ncer ? 
Authors Angioarchitectonically the 
distal ureter r esembles proximal a nd 
middle segments . But th e closer it 
approaches Lhe urinary bladder the more 
circumferential arteries are present. 
D.E. Schraufnagel : \vh y do you think the 
surface of the casts at high magnifi-
cation ts often rough? Do you think the 
peristaltic expansion and contraction may 
be associated with a redundant endo-
thelial surface? 
Author s : We ca nnot answer this question 
directly. But if peristaltic movements 
account for cast surface roughness we 
wonder why in cast vessels of the rodent 
small and large intestine with much 
stronger peristaltic movements than in 
the ureter no such findings are reported. 
D. E. Schra ufn agel : Do you think there is 
a charac teri stic capillary patt ern for 
di f ferent endothelial surfaces? 
Authors: At the moment there is a lack of 
data which are in favor of your sugges-
tion . 
J .G . Walmsley : Recent reviews indicate 
that arterioles are usually categorized 
according to branching order, where the 
feeding vessel is the first-order 
arteriole and the subsequent branches are 
termed the next hig h er order until 
reaching the capillaries. Would this 
criterion be more in line with the one 
which you are using for the ureter? If 
this is consistent with the general 
classification which you are using, how 
do " perforating arterioles " fit into the 
scheme? Can you consider c lassifi catio n 
of the resistance arteries also? 
Authors: Yes, we also consider the 
concept of branching order of arterioles 
(as well as of venules) in cast preparat-
ions superior to other means of vessel 
categorization . "Perforating arterioles " 
S. Aharinejad et al . 
represe nt " third-order arterioles". Ive do 
not consider a classificat ion of resista-
nce arteries in cas t preparations . 
V . H. Gattone: Are there differences in 
the intramural (lamina propria) vessel 
pattern from upper, middle and lower 
segments of the ureter ? 
Authors : \.Je found no differences . 
V.H. Gattone: Did " anastomoses" between 
" second-order venules " differ between 
different segments of the ureter? 
They appeared more prominent for t he 
upper segment than in t h e middle segment 
(figures 3 a nd 4). 
Authors: There are no sig nifi cant 
differences in the " anastomoses " between 
second order venules of upp er and middle 
ureter segments . 
V . Gattone: \✓ hile I agree that it is 
co nvenient to use size to separate the 
first and second order arterioles 
(likewise for the venules) , there are 
also ultrastructural characteristics of 
arterioles and venules, which need to be 
used. I feel , that the aut h ors need to 
u se TEM to co nv ince t h e readers t hat some 
of the thicker walled vessels of the 
lamina propria are not arterioles a nd 
some of the thinner walled vessels of the 
a dventitia are not venous (other than the 
first order venules ex pe cted to be in t h e 
adventitia) . A major point of the paper 
is the presence of the arterial cascade 
in the adventitia, while the venous 
plexus is ba sically co nfined to t h e 
lamina propria. Rhodin (1974) describes, 
that the arterioles a nd venules lie in 
the adventitia with the capillary network 
i n the lamina propria. Please clarify 
this point in t h e literature with 
cor relative TEM . SEM alone is insuffi-
c ient to clarify this point . 
Authors: It is the branching rather than 
the size which leads us to term vessels 
first and second order vessels . Char-
acteristic endothelial cell nuclei 
imprint patterns again clearly differen -
tiate arterial and venous vessels; 
correlative lig h t microscopy enable~; to 
attrib ut e vessels to tissue la ye r s (see 
figure 1) . Ive therefor think that 
transmission electro n microscopy can be 
o mitted. 
Additional reference 
Rhodin JAG (1974) . Histology. 
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